Event-related brain potentials (ERPs) in response to novel pictures and subsequent visual exploration were examined. Eighteen undergraduates viewed 120 novel drawings as long as they wished. ERPs were calculated separately for drawings that were viewed longer or shorter than the median viewing time of each participant. The drawings viewed longer elicited a larger anterior negativity (N2) peaking at 245 ms than the shorter viewed drawings. This effect disappeared and the overall amplitude of the N2 decreased when the same set of drawings was presented again in a subsequent interest-rating session. Drawings rated as more interesting elicited a larger N2 than did drawings rated as less interesting. This study demonstrates a type of anterior N2 that is sensitive to stimulus unfamiliarity or difficulty in encoding, which reflects a conflict between stimulus input and existing knowledge and prompts further recognition processes and visual exploration.
Introduction
Exploring novel stimuli is an intrinsically motivated behavior of human beings and animals that facilitates adaptation to the environment (Hunt, 1965; Keller, Schneider, & Henderson, 1994) . Novel objects are looked at longer than familiar objects (Berlyne, 1958; Leckart, 1966) , and the duration of visual exploration is correlated positively with subjective feeling of interest (Silvia, 2006) . Visual exploration is thought to be initiated by the detection of incongruity or conflict between the organism and the environment (Berlyne, 1960; Hunt, 1965; Sokolov, 1963) . When a deviant event occurs, the organism orients to the event or modulates its sensory organs for taking in more information. This orienting response leads to increased allocation of attentional resources to the event, which enables further cognitive processing, response execution, and memory updating (Kahneman, 1973; Öhman, 1979; Spinks & Siddle, 1983) .
Event-related potentials (ERPs) have been used to investigate the central mechanism of orienting responses (Loveless, 1983; Näätänen & Gaillard, 1983) . The high temporal resolution of ERPs allows for the separation of stages of information processing that cannot be achieved by the autonomic measures such as electrodermal and cardiovascular responses, which were originally used in the study of orienting responses (Sokolov, 1963) . It remains unclear, however, whether there is any ERP component that correlates with subsequent visual exploration, which often lasts for several seconds.
Few studies have dealt with this question directly. Daffner et al. (1998 Daffner et al. ( , 2000c recorded ERPs elicited by line drawings during a target detection (oddball) task in which participants were allowed to look at each stimulus as long as they wished and gave a motor response for the target. Three types of stimuli were presented: frequent repetitive background stimuli, infrequent target stimuli, Anterior N2 Predicts 4 and infrequent non-repetitive deviant stimuli. ERP waveforms were calculated separately for novel drawings whose viewing times were longer or shorter than the 50th percentile of each participant. The peak-to-peak amplitude of the N2-P3 waves occurring 200-500 ms after the stimulus onset was larger for the drawings that were viewed longer. Since this effect was not significant for the baseline-to-peak P3 amplitude (Daffner et al., 2000c, Note 4) , it appeared to be due to the change in the N2 amplitude rather than the P3 amplitude. In a subsequent study, Daffner et al. (2000b) suggested that the N2 and P3 might have different functional characteristics. The N2 is sensitive to deviation from the long-term context and less affected by the frequency or task relevance of an eliciting stimulus, whereas the P3 is sensitive to deviation from the immediate context held in working memory and more affected by stimulus probability.
They called the N2, which had an anterior scalp distribution, the "visual novelty N2." Daffner et al. (2000b) suggested that this visual novelty N2 might be an index of stimulus unfamiliarity or unusualness (i.e., a factor that depends on the past experience of a participant) rather than stimulus complexity (i.e., a factor that depends on physical attributes of a stimulus).
The purpose of the present study was to replicate and extend the findings about the relation between ERPs and subsequent viewing times for novel drawings. The experimental protocols were modified in two aspects. First, a free viewing task rather than a target detection task was used. All trials contained novel drawings and the participants' task was only to view each drawing as long as they wished. There were no target or distracter stimuli. Second, the same set of drawings was presented again in a second session to examine the repetition effect of novel drawings on the anterior N2. In the second session, participants were asked to rate their subjective interest in each Anterior N2 Predicts 5 drawing. If the anterior N2 reflects stimulus unfamiliarity, two predictions can be made.
First, drawings that were viewed for a longer time would elicit a larger anterior N2 than those viewed shorter, since less familiar stimuli would be looked at longer. Second, N2 amplitude would be smaller in the second presentation of the same novel stimuli, since the visual exploration at Session 1 would reduce the unfamiliarity of the stimuli. In addition to this main purpose, a supplemental analysis was conducted in search of ERP components that correlate with subjective interest ratings. ERPs at Session 2 were also calculated separately based on the interest ratings made by each participant. A previous study showed that the amplitude of the P3 (P300) was higher for pictures that were rated as more interesting compared to pictures that were rated as less interesting (Hömberg, Grünewald, & Netz, 1984) .
Method
Participants. Eighteen undergraduates with normal or corrected-to-normal vision participated in the study (12 women and 6 men, 20-22 years old). Two were weakly left-handed and the rest were right-handed, as assessed by the Edinburgh Inventory (Oldfield, 1971 ). All participants gave written informed consent.
Stimuli. 123 black-and-white pictures were drawn by one of the authors (YS). Figure 1 shows some examples of the pictures.
1 Each picture was digitized into 256 × 256 pixels using a scanner, and presented on a 17-inch cathode ray tube display of a computerized tachistoscope (IS702, Iwatsu-Isec, Japan). The visual angle was 3.8 degrees both horizontally and vertically. The viewing distance was 150 cm.
Procedure. The experiment was performed in a dimly lit, sound-attenuated room,
where participants sat in a comfortable chair. Two experimental sessions were conducted. At Session 1, participants were asked to look at the drawings at their own Anterior N2 Predicts 6 pace. Each drawing appeared immediately after the participants pressed a trigger key using the right index finger and disappeared when they pressed the same key again. The viewing time was measured in milliseconds as the interval between the key presses.
Participants were instructed that they would be asked about their impressions of the drawings after this session but did not have to memorize them because no memory test would follow. Here we used a vague word "impressions" instead of "interest" to prevent participants from making conscious evaluations of drawings in terms of interest. At Session 2, the same drawings were presented in a different order at a fixed duration of 2 s. The method of stimulus presentation was the same as at Session 1 except the stimulus disappeared automatically. Participants were asked to rate how interesting they felt each drawing was by pressing one of the five keys corresponding to 1 (very uninteresting) to 5 (very interesting) after the drawing disappeared. Each session consisted of 3 practice trials and 120 experimental trials, which were divided into three blocks containing 40 trials each. Each drawing was presented only once at each session. A break of a few minutes was inserted between blocks and sessions. Participants were asked not to look away from the drawing whenever it was on the screen. the longer viewed drawings were rated as interesting more frequently than the shorter viewed drawings, and the shorter viewed drawings were rated as uninteresting more frequently than the longer viewed drawings, ps < .01. However, there were also a considerable number of long-uninteresting and short-interesting combinations, which is consistent with the low correlation coefficient between viewing time and interest rating mentioned above. The P2 was followed by an anterior negative wave with two peaks: the former had a peak of 245 ms (labeled "N2") and the latter had a peak of 330 ms (labeled "N3").
ERPs associated with shorter and longer viewing times
Scalp topographic maps (Figure 4) show that the N2 and N3 were negative over anterior sites but the polarity was reversed at temporal sites. At Session 1, the N2 showed a larger amplitude for the long than for the short set. However, the difference disappeared Tests of simple main effects showed that the N2 amplitude was larger for the long than for the short set over the frontocentral sites (F3, Fz, F4, C3, Cz, and C4; ps < .05). At Figure 5 shows the ERP waveforms at Session 2 calculated separately for drawings that were rated as interesting or uninteresting. The N2 wave was larger for interesting drawings than for uninteresting drawings, while ERP waveforms in other latency ranges did not show clear differences. The ANOVAs for the P2, N3, and PSW did not show significant main or interaction effects. The scalp topography of the differences in the N2 amplitudes between interesting and uninteresting drawings is shown in Figure 4 . The differences appeared over more central sites than the N2 differences between the long and short sets at Session 1, where the differences appeared over frontocentral sites. However, this visual impression was not supported statistically. 3 The LORETA analysis was applied to the interest-related N2 differences, but no voxel showed significant differences, p > .40.
ERPs for interesting and uninteresting drawings
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Novel drawings that were viewed longer elicited a larger anterior N2 than those viewed shorter. When the same drawings were presented again in a subsequent interest-rating session, the effect of viewing time on N2 amplitude disappeared and the overall amplitude was reduced. P2 amplitude also varied with viewing time, but this effect did not differ significantly between sessions. At Session 2, drawings that were rated as more interesting elicited a larger N2 than drawings rated as less interesting.
ERP waveforms recorded in this study showed a positive slope over prefrontal sites. A similar anterior positive slope sometimes appears in ERP waveforms elicited by pictures (e.g., Schendan & Kutas, 2003; Van Petten, Senkfor, & Newberg, 2000) .
Because trials including saccades were excluded from ERP averaging, this slope may reflect slow eye movements and/or prefrontal brain activity. In either case, since this slope appeared similarly for both conditions, it did not obscure the ERP differences in question.
ERPs correlated with visual exploration
The present study replicated the previous finding that N2 amplitude was larger for the drawings that were subsequently viewed longer (Daffner et al., 1998 (Daffner et al., , 2000c ). This effect appeared over the frontocentral sites, although the potential in ERP waveforms before comparison showed a scalp topography that was negative over anterior sites and positive over temporal sites. This result suggests that several generators were activated concurrently in this period. Hereafter, we use the term "anterior N2" to specifically refer to the frontocentral component of the potential occurring in this latency range (200−295 ms). The anterior N2 effect disappeared at Session 2, where all drawings were assumed to be familiar because of the free visual exploration at Session 1. The rather low Anterior N2 Predicts 13 correlation coefficient between viewing time at Session 1 and interest rating at Session 2 (r = .28) is probably because the visual exploration reduced stimulus unfamiliarity, which is strongly related to interest (Berlyne, 1960; Silvia, 2006) . This result indicates that the anterior N2 was sensitive to the participant's past experience (i.e., stimulus unfamiliarity) rather than the physical attributes of the stimulus (i.e., stimulus complexity). Although stimulus complexity remained constant across sessions, the repeated presentation led to the amplitude reduction of the anterior N2. Another possible reason for the N2 reduction is the differences in task requirements. Although the method of initiating a stimulus was identical, the stimulus lasted until a participant pressed the key again (Session 1) or disappeared automatically after 2 s (Session 2). Moreover, the mental sets for free viewing and interest rating might be different. A further study using an identical task at both sessions is needed to examine the possible effect of task requirements on the anterior N2.
N2 (or N200) is a generic term for a negative wave occurring 200−300 ms after stimulus onset and has been classified into several subtypes (Näätänen & Picton, 1986; Pritchard, Shappell, & Brandt, 1991) . Although the properties of N2 are better understood for the auditory modality (e.g., Näätänen, 1992) , we focus here on the findings for the visual modality. The visual N2 can be divided into at least two categories according to scalp topography: posterior-lateral N2 and anterior N2 (Breton, Ritter, Simson, & Vaughan, 1988) . The anterior N2 usually occurs later than the posterior-lateral N2 (Luck & Hillyard, 1994a; Renault & Lesévre, 1978 , 1979 . The posterior-lateral N2 group includes the N2 elicited by an infrequent event in an attended channel (Na or N2a; Renault & Lesévre, 1978 , 1979 Vaughan, & Macht, 1982) , and the N2 elicited by a task-relevant stimulus in the presence of simultaneous distracter items with a larger amplitude over sites contralateral to the stimulus position (N2pc; Luck & Hillyard, 1994a , 1994b . A negative wave called "NA" that occurs in a similar latency range but precedes the N2 (N2c) also shows a posterior-lateral scalp distribution (Ritter et al., 1982 (Ritter et al., , 1983 . These N2s are assumed to be generated in cortical visual areas and specific to the visual modality. On the other hand, the anterior N2 has not been categorized clearly. The N2b (or attentional N2) was a typical anterior N2 (Pritchard et al., 1991) . It is often elicited by infrequent task-relevant stimuli in an attended channel (Renault & Lesévre, 1978 , 1979 . The anterior N2 in the present study appears to be different from the N2b, because it was elicited by every stimulus. Other studies have shown that a similar frontal negativity was elicited by pop-out stimuli presented in an attended channel (Luck & Hillyard, 1994a) , by unidentifiable color patterns (Courchesne, Hillyard, & Galambos, 1975) , or by variable target stimuli (Breton et al., 1988) . Some researchers called it "N300" and argued that it was specific to nonverbal figural stimuli (Barrett & Rugg, 1990; Holcomb & McPherson, 1994; McPherson & Holcomb, 1999) .
Another type of anterior N2 that has been studied extensively is the Nogo N2 (Jodo & Kayama, 1992) , which is recorded when a response is needed to be suppressed.
Although the Nogo N2 was originally thought to reflect response inhibition processes, recent findings suggest it may instead reflect a conflict between execution and inhibition of an action (Falkenstein, 2006; Nieuwenhuis, Yeung, van den Wildenberg, & Ridderinkhof, 2003) . A similar N2 has been shown to be increased when the strength of conflicting action imperatives was augmented by increasing perceptual similarity Anterior N2 Predicts 15 between the stimuli that required different responses (Azizian, Freitas, Parvaz, & Squires, 2006) .
Cortical current source estimation using the LORETA algorithm suggested the dorsal part of the ACC as a possible source of the anterior N2 related to the difference in viewing time. Since the estimation was based on a relatively small number of electrodes and only a marginally significant effect was obtained, this finding needs replication using high-density EEG recordings as well as functional imaging techniques. However, this estimation seems reasonable because visual exploration should require activation of the ACC, whose function is the initiation and monitoring of goal-directed behaviors (Bush, Luu, & Posner, 2000; Devinsky, Morrell, & Vogt, 1995) . Moreover, one of the sources of the Nogo N2 is also estimated to be the ACC (Bokura, Yamaguchi, & Kobayashi, 2001; Nieuwenhuis et al., 2003) . It is not surprising to see ACC activation that is related to subsequent behavior in this latency range. Recent studies with an ultra-rapid visual categorization task using complex photographs suggested that ERP differences associated with specific stimulus categories (such as animals and vehicles) started as early as about 80 ms after stimulus onset and those associated with the participant's behavior started from at least 150 ms poststimulus (Delorme, Rousselet, Mace, & Fabre-Thorpe, 2004; Thorpe, Fize, & Marlot, 1996; VanRullen & Thorpe, 2001 ). These results suggest that not only low-level features of a stimulus but also part of the information about stimulus content are already available at the onset of the N2. Daffner et al. (2000b) suggest that the anterior N2 may be elicited when early perceptual analysis reveals that the stimulus is not easily recognizable and requires further processing. One possible interpretation is that a conflict between stimulus input and past experience may be reflected in the anterior N2 in the present study. A stimulus Anterior N2 Predicts 16 input that is congruent with existing knowledge can be easily recognized, whereas an incongruent input requires further processing. Most theories of visual exploration and interest assume that a conflict or incongruity between incoming information and existing knowledge is a key element of visual exploration and interest (Berlyne, 1960; Hunt, 1965) . Actual behavior and feeling may be modified by other elements such as an appraisal of one's coping potential (e.g., one may avoid objects that are too complex or too unfamiliar to understand), but an appraisal of novelty, broadly defined, is one of the first judgments in the appraisal sequence that leads to exploration and interest (Silvia, 2005) . The anterior N2 may reflect this first step of processing. As a conflict in the motor domain is reflected in the Nogo N2, a conflict between visual input and stored representation might also involve a similar activity in the ACC.
The amplitude of P2 also varied with subsequent viewing time, but the effect of viewing time on P2 amplitude did not change significantly between sessions. The P2 difference between the long and short sets is consistent with the results of Daffner et al.
(2000c), although they did not mention it explicitly. Close inspection of Figure 5 in their paper revealed that the ERP waveforms elicited by the stimuli viewed for shorter or longer times diverged from each other as early as 150 ms near the onset of P2, which is quite similar to the finding of the present study. In both studies, a larger P2 was elicited by the pictures with shorter viewing times. In the present study, the stimuli were presented immediately after a participant's button press. As a result, movement-related potentials, especially the post-motor P2 (Vaughan, Costa, & Ritter, 1968) , may have overlapped in this latency range. However, this possible contamination can be ignored because the method of stimulus presentation was identical at both sessions and we dealt with only the differences between the long and short sets. It is known that the amplitude Anterior N2 Predicts 17 of P2 is related to endogenous factors such as the intensity and interstimulus interval of the eliciting stimuli, although little is known about the functional significance of the P2 (Crowley & Colrain, 2004) . Several studies have shown that the amplitude of the P2 elicited in the visual modality is affected by attention. For example, it was larger when the eliciting word was subsequently recognized correctly (Smith, 1993) , when memorization of a spatial position was required (Gevins et al., 1996) , or when infrequent novel visual stimuli were presented (Knight, 1997) . These results suggest that a neural system underlying the P2 is related to the allocation of attentional resources to the eliciting event. However, in the present study, the P2 did not differ between sessions, so it may be related to differences in physical attributes.
ERP differences correlated with viewing time did not appear after the N2. The amplitude of the N3 was not affected by viewing time or by interest rating. The N3 in this study may be the N400, which has been reported in picture naming/identification tasks (Holcomb & McPherson, 1994; McPherson & Holcomb, 1999; Stuss, Picton, & Cerri, 1986; Stuss, Picton, Cerri, Leech, & Stethem, 1992) . The reduction of this potential at Session 2 is consistent with the repetition effect of novel figures on ERPs, in which ERP waveforms become more positive in the second rather than in the first presentation, usually after 250−300 ms poststimulus (Cycowicz & Friedman, 1999; Mecklinger, 2000; Van Petten et al., 2000 ; but see the opposite result, Rugg, Soardi, & Doyle, 1995, Experiment 1) .
A positive slow wave appeared in the waveform, but its amplitude did not show any significant effects of viewing time and session. It is unclear whether this component corresponds to the P3 in previous studies, because the experimental design of this study is not suitable for P3 elicitation, which requires contextual deviance. Daffner et al. (2000b) suggested that the N2 and the P3 (P3a, novelty P3) have different functional characteristics. The elicitation of the P3a in previous studies appeared to be due to the rare occurrence of novel stimuli in the experimental context (Daffner et al., 1998 (Daffner et al., , 2000c . In the present study, every trial contained novel drawings so there was no need for redirection of attention. The anterior N2 might reflect a process for detecting deviance from past experience and signaling for further processing, whereas the P3a might be sensitive to contextual deviance and reflect a redirection of attention to task-irrelevant infrequent events rather than the processing of novelty per se (Katayama & Polich, 1998; Polich, 2003) . Because this design minimized the potential impact of contextual deviance, the present results do not give any conclusion about the relationship between the P3 and visual exploration. It is possible that both unfamiliarity and contextual deviance may play a role in determining subsequent viewing time. It has been suggested that older adults tend to generate a relatively small N2 to novel visual stimuli and the amplitude of the P3, not the N2, predicts subsequent viewing time (Daffner et al., 2006) . Moreover, patients with prefrontal lesions show a relatively intact N2, but a reduced visual exploration for novel pictures (Daffner et al., 2000a (Daffner et al., , 2003 .
These findings suggest that the anterior N2 is not the only determinant of subsequent viewing time.
4
ERPs correlated with subjective interest rating Although a previous study showed that the amplitude of the P3 varied with subjective interest ratings (Hömberg et al., 1984) , this study showed a difference in N2
amplitudes. The enhancement of P3 amplitude is often seen when using arousing emotional pictures (e.g., Cuthbert, Schupp, Bradley, Birbaumer, & Lang, 2000; Schupp et al., 2000) and is assumed to reflect enhanced processing of motivationally relevant Anterior N2 Predicts 19 stimuli in a circuit of visual cortical structures (Sabatinelli, Lang, Keil, & Bradley, 2006) . The absence of P3 differences in this study may be due to the low emotional values of the drawings. The scalp topography of the N2 differences related to the interest ratings appeared to be slightly different (i.e., more broadly and centrally distributed) from the scalp topography of the N2 differences related to viewing times.
The statistical analysis failed to reveal the subtle topographic differences, possibly because of the increased noise level in subtraction waveforms. The LORETA algorithm also failed to estimate the source of the interest-related N2 differences.
Because this N2 effect was not expected and its topographic nature was unclear,
only an ad hoc speculation can be made. One possibility is that the N2 reflects the residual unfamiliarity of stimuli at Session 2. Another possibility is that the N2 associated with interest rating is different from the N2 associated with viewing time, and reflects stimulus complexity rather than stimulus unfamiliarity. Relevant to the latter position, Daffner et al. (2000b) reported that a repetitive complex background stimulus elicited a larger N2 than did a simple but unique deviant stimulus even after more than one hundred repetitions. This result seems more consistent with the interpretation that the anterior N2 is sensitive to stimulus complexity rather than stimulus unfamiliarity, since an unusual background stimulus should become familiar after repetitions. This inconsistency could be reconciled by assuming that the anterior N2 is not a unitary component. Daffner et al. (2000b) stated that the difference between the N2 elicited by repetitive unusual background stimuli and the N2 elicited by simple deviant stimuli was best seen at Cz, which is consistent with the N2 differences related to interest ratings at Session 2. In contrast, ERP differences related to viewing time at Session 1 as well as the amplitude reduction from Session 1 to Session 2 appeared over Anterior N2 Predicts 20 more frontal sites. There might be two types of anterior N2s: frontal N2 and central N2.
The former might be sensitive to stimulus unfamiliarity, whereas the latter might be sensitive to stimulus complexity. This speculation needs further research using dense electrode recordings along with elaborated experimental manipulations.
Conclusion
The findings of the present study suggest that brain activities occurring within 150-300 ms after stimulus onset are correlated with subsequent visual exploration and subjective interest rating for novel pictures. A possible cortical current source of this potential was estimated in the anterior cingulate cortex. In accordance with Daffner et al.'s (2000b) proposal of the visual novelty N2, this study demonstrates a type of anterior N2 that is sensitive to stimulus unfamiliarity or difficulty in encoding, which reflects a conflict between stimulus input and existing knowledge and prompts further recognition processes that may lead to visual exploration. 2 A supplemental analysis showed no systematic differences in ERP waveforms across three blocks, which is consistent with the result that viewing times did not differ significantly across three blocks.
3 The N2 differences between long and short sets and the N2 differences between interesting and uninteresting sets were compared using a Task (free viewing vs. interest rating) × Site (19) ANOVA on amplitude data that were normalized by vector length (McCarthy & Wood, 1985) . No significant interaction effect was found, F(18, 288) = 1.32, p = .278, ε = .185, η p 2 = .076. 4 The correlation coefficient between the average N2 amplitude and the average viewing time calculated for each participant was not significant, rs = .36 and .37 at Fz and Cz, respectively, ps > .1, df = 16. The positive correlation suggests that participants who showed a larger (less positive) N2 tended to have a shorter viewing time on average, which is just opposite to what one expects from the result of intraindividual analysis. Therefore, the present finding about the relationship between the anterior N2 and subsequent viewing time cannot be applied to interindividual differences.
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Long 9.4 ± 1.2 15.2 ± 1.1 11.4 ± 1.1 9.5 ± 0.8 4.4 ± 0.8 24.6 ± 1.7 13.9 ± 1.3 Short 3.9 ± 0.8 12.4 ± 1.4 12.2 ± 1.3 12.3 ± 1.0 9.2 ± 1.6 16.3 ± 1.9 21.5 ± 1.7
Total 13.3 ± 1.5 27.6 ± 2.2 23.6 ± 2.2 21.8 ±1.5 13.6 ± 2.0 41.0 ± 2.9 35.4 ± 2.3
Note. Means ± standard errors of frequency (%) are shown. The image was taken at the peak latency of the anterior N2 measured in the grand mean
